Introduction
============

Health-care technologies (HCTs) are an integral part of health-care delivery globally and play an important role in any country's health-care system. Low-income countries (LICs) such as Zimbabwe do not have the resources to develop health technologies de novo, hence use technologies developed elsewhere. At the same time, these LICs and other emerging economies present a largely underserved HCT market. Zimbabwe operates a four-level tier health-care system, where the first level of care is made up of more than 1,300 rural health centers and urban clinics that provide first-level primary care. The second level of care consists of about 58 rural and urban district hospitals, most of which are hybrid hospitals that provide both primary and secondary level care. It is at the district level that patients have first contact with doctors, although for urban clinics doctors do have designated days on which they offer their services to patients. The third level of care is serviced by about 8 provincial hospitals and the last level of care is serviced by 5 central hospitals, which provide more sophisticated care and some also act as teaching hospitals. However, all levels of care do require HCTs that are relevant to their needs. Logically, the level of sophistication of the technologies should increase by level of care.

Use of medical technologies
===========================

Arasaratnam and Humphreys[@b1-ceor-8-695] in their paper on how emerging economies are driving frugal innovation, noted that there was a high concentration (76%) of medical device usage in developed countries catering for only 13% of the global population, the emergence of developing countries such as China and India as major global markets for medical technologies has necessitated the need for the development of appropriate, cost-effective, affordable and accessible medical equipment for low-income people. In the baseline survey of medical technologies by the World Health Organization (WHO) for a total of 161 countries which responded, the results of the survey showed that there were are about 1.5 million medical devices in use in those countries. However, out of those 161 countries, WHO estimated that a total of 55 of the countries had no regulatory authority to regulate the medical devices. A total of 87 of the countries did not have a national health technology policy, while 93 of the countries did not have an approved list of medical devices for procurement and reimbursement.[@b1-ceor-8-695]

The WHO baseline survey also noted that Zimbabwe did not have a national policy on health technology and a regulatory agency for health technology. While the country has national level procurement policy guidelines, for the medical devices incorporation policy guidelines for donations it uses the WHO guidelines. The list of approved medical devices for procurement or reimbursement is available, but only as a recommendation, while there are no national lists of recommended medical devices for specific procedures and official nomenclature system for medical devices. The lack of these facets pose a challenge for the adoption and implementation of locally relevant and cost-effective medical devices.

A country's needs drive frugal innovation which involves "smart" adoption of global HCTs that are originally developed and tested elsewhere to address local health-care needs. Existing barriers toward successful adoption or transfer of global HCTs are documented by Osika et al[@b2-ceor-8-695] and Humphreys et al.[@b1-ceor-8-695] In a Health System Assessment done in 2010 by Osika et al[@b2-ceor-8-695] a number of regional areas in the country had less than the expected availability levels for key HCTs as a result of a number of barriers. The main barriers included lack of finance, lack of human resources to use and maintain HCTs, unavailability of proper infrastructure and nonfunctionality of some of the equipment. Naturally, such problems force countries to make decisions based not only on the efficacy and cost-effectiveness of the HCT but also based on factors listed earlier, including disease burden and equity.

Transferability of health technologies
======================================

The huge costs associated with clinical trials make it imperative that researchers generalize their results to be implementable in as many countries and as many settings as possible. Countries that have no capacity to run their own trials have to rely on HCTs developed in countries, whose efficacy and cost-effectiveness may not be suitable to their local conditions. Generalizability of HCT evaluations results alone is not necessarily a sufficient condition for implementing health technologies in other jurisdictions, specifically for HCTs evaluated under trial conditions. Different settings have different characteristics associated with them.

According to Drummond et al,[@b3-ceor-8-695] data from economic evaluations are generally assumed not generalizable as a result of factors that vary from place to place. In cases where data for economic evaluation is collected alongside a clinical trial, the problem of generalizability becomes even more significant. Instead of relying on generalizability, countries have to first assess the transferability of HCTs before they can implement them in their settings. Cambon et al[@b4-ceor-8-695] also concluded in their review that research in the area of transferability needed to be developed in order to better inform stakeholders so that they can implement transferable and evidence-based interventions. According to Manca and Willan,[@b5-ceor-8-695] decision making is inherently country specific, and decision makers are only concerned with implementing interventions that are relevant to their settings.

Generalizability of results is not synonymous with transferability per se. Ryan[@b6-ceor-8-695] described transferability as referring to whether a "trial, study or model has transportability that can produce unbiased inferences if used in another healthcare system." Cambon et al,[@b4-ceor-8-695] who did an extensive literature review on the definition of transferability of interventions with a focus on health education, found out that the terms used for transferability varied and that sometimes transferability was used to refer to general applicability. Their conclusion was that transferability should be used when one is assessing the results of an intervention in relation to the original location where the experiment took place. A systematic review on transferability of economic evaluation by Goeree et al[@b7-ceor-8-695] identified 77 possible factors that could potentially affect the transferability of economic evaluations.

Rationale for the study
=======================

A classic example of why benefit testing of HCTs is vital in resource limited settings came in the form of a story of how Zimbabwe's Ministry of Health and Child Care (MoHCC), in 2012, acquired about 60,000 malaria testing kits known as Para-Check for US\$100,000.[@b8-ceor-8-695] The acquisition of the test kits by the MoHCC malaria program was based on the validation of their specificity and sensitivity and overall cost-effectiveness in other countries. For example, studies in Tanzania by Mboeri et al[@b9-ceor-8-695] on the cost effectiveness of Para-Check compared to microscopy had confirmed that Para-Check performed well above average, with a sensitivity of 90%, a specificity of 96.6%, a positive predictive value of 88.9% and a negative predictive value of 97%. At a cost of US\$0.62 per test, Para-Check was deemed to be cost-effective in confirming *Plasmodium falciparum*. A follow-up study in 2008 in Tanzania's eastern district also confirmed the effectiveness of Para-Check *P. falciparum* in malaria diagnosis with a sensitivity of 93.1% and specificity of 98.9%.[@b10-ceor-8-695] However, when the Para-Check was deployed by the MoHCC in the various districts of Zimbabwe, clinicians on the ground complained about the ineffectiveness of the malaria test. The clinicians stated that the test had a sensitivity of about 50%.

While the study by Mboera et al[@b9-ceor-8-695] concluded that Para-Check was more cost-effective as compared to microscopy, they found some variation in effectiveness across the participating districts. The test performed poorly where the kits had been stored for 12 months in room temperature of 23.5 ± 3.5 degrees Celsius, showing the effect of storage and temperature on the effectiveness of the malaria testing technology.

Another good example pertains to the implementation of the Gene Xpert MTB for detecting multi-drug resistant tuberculosis; while it was found to be cost-effective, issues of access and sustainability as a result of the huge cost and infrastructure requirements have hindered its full implementation in some settings.[@b11-ceor-8-695] A follow-up study in Nigeria found out that the country needed to invest between US\$2,622 and US\$9,716 per lab for the installation of the Xpert machines.[@b12-ceor-8-695]

A study by Kriza et al[@b13-ceor-8-695] on health technology assessment in Sub-Saharan Africa concluded that there was a lack of tools to systematically evaluate the benefits of HCTs in Sub-Saharan. A systematic review on the use of economic evaluation in research and decision making in Zimbabwe done by Gavaza et al,[@b14-ceor-8-695] also showed little use of economic evaluation for decision making purposes in Zimbabwe. Therefore the main focus of our study was to show that benefit testing of HCTs elsewhere should be an important part of informing decision makers about adopting them in Zimbabwe.

Methods
=======

The information used in this study was taken from publicly available, institutional data and not patient level data. However, we sought ethical approval from the Ministry of Health and Child Care, which then granted us permission to use these data for our study, and confirmed that informed consent was not required.

We set out to test the hypothesis that the NBRF could be a helpful decision analytical model that enables assessment of HCT transfer using intra-national variables. We also tested the hypothesis that HCT intervention technologies developed and assessed elsewhere generated the same marginal benefit in different jurisdictions. Different jurisdictions were proxied by the country's 57 districts. In testing the hypothesis we used the net benefit regression framework (NBRF) that was developed by Tambour et al,[@b15-ceor-8-695] Stinnett and Mullahy,[@b16-ceor-8-695] Briggs et al,[@b17-ceor-8-695] and later refined by Hoch and Dewa.[@b18-ceor-8-695] The NBRF enabled us to combine the cost and effectiveness ratios from cost-effective randomized controlled studies with jurisdiction specific indicators such as per capita health expenditure, health indicators, demographic indicators and socioeconomic indicators into a multiple regression equation. The studies from which cost and effectiveness ratios were extracted were selected from a systematic review of randomized controlled trials which were further assessed for suitability of transfer using a Euronheed transferability checklist.[@b19-ceor-8-695] [Figure 1](#f1-ceor-8-695){ref-type="fig"} provides a schematic summary of the methods process that was used.

We used studies[@b19-ceor-8-695],[@b20-ceor-8-695] that were selected based on an earlier "systematic" review of cost-effective HCTs. The systematic review focused on such issues as objectives of the study, setting, methodology and study design, the type of economic evaluation, significance of the results, and disaggregation and description of the data used for costs and effectiveness parameters and the generalizability of the final results. The review further used a Euronheed transferability checklist that was developed by Boulenger et al[@b19-ceor-8-695] to finally select appropriate studies to be transferred. A study was regarded as transferable to a jurisdiction of interest if it scored above a threshold of 66.7%.[@b19-ceor-8-695] Our 2 selected case studies had transferability scores of more than 80%, which were over and above the threshold score. The case studies focused on interventions in the areas of HIV and AIDS and malaria testing and monitoring technologies. These disease conditions are particularly important for Zimbabwe, since they currently account for most of the burden of disease in the country.[@b20-ceor-8-695] While passing the transferability stage was a necessary condition for suitability of transfer, it was however, not a sufficient condition for the final adoption and use of the HCT in the jurisdictions of interest. We therefore combined the cost and effectiveness ratios from these studies together with the district per capita expenditures and local area factors. The local factors were derived from a study that was done earlier by Shamu et al.[@b21-ceor-8-695] In the study, Shamu constructed 10 composite indices for each of the 57 districts using a method called principal component analysis. Principal component analysis is a data reduction technique that can be used to construct fewer and more concise indicators from multiple variables. [Table 1](#t1-ceor-8-695){ref-type="table"} shows the 10 composite indices representing specific local area factors were then used as the independent variables in the final NBRF.

The 10 composite indices showed cross-variation across the 57 districts and hence were good candidates for use in characterizing the 57 districts. The cost and effectiveness ratios, the per capita health expenditure and the 10 composite indicators were then combined in an NBRF model.

Net marginal benefit framework
==============================

The net benefit approach starts from the basic assumption that the incremental cost-effectiveness ratio is of little benefit for the decision maker without taking into account the local context. It is only when a decision maker takes account of local factors and makes a judgement to either accept or reject an intervention that it becomes more relevant.

In the general net benefit approach, the main aim is to link the decision maker's willingness to pay coefficient *γ* with the cost and effectiveness ratios. In mathematical terms, the decision maker is willing to pay *γ* units of money to obtain one unit of effectiveness. Using this approach by Tambour et al[@b15-ceor-8-695] and Stinnett and Mullahy,[@b16-ceor-8-695] one can represent the net benefit of an intervention for a district as: $$NB_{i}(\gamma) = \gamma \cdot e_{i} - c_{i}$$where *e~i~* and *c~i~* are data for the *i*th district's effect and cost, respectively. This equation expresses the net benefit of an intervention in any district on a monetary scale by converting e units of effectiveness into *γ*·*e~i~* units of money before subtracting the cost *c~i~*. Decision makers are generally reluctant to explicitly state the value of the willingness to pay coefficient (*γ*) and would normally want to use a range of values based on the following approaches: willingness to pay per se (most common being US\$30,000 per quality adjusted life year, the final decision being to fund an intervention with a cost per quality adjusted life year below this threshold); fixed budget (where one determines the shadow price of the budget); a threshold approach (select a threshold and fund any project whose cost falls below the selected threshold); and budget reallocation approach (where one compares the potential benefits of investment or disinvestment). In our study, we used the districts' annual per capita health expenditure as a proxy for willingness to pay.

We then adopted Briggs et al's[@b17-ceor-8-695] and Hoch and Dewa's[@b18-ceor-8-695] expanded NBRF model as shown in [Equation 2](#fd2-ceor-8-695){ref-type="disp-formula"} to combine our data from selected cost-effective HCTs and composite indices constructed using local data sets. $$NMB_{i} = \alpha + \beta t_{i} + \varepsilon_{i}$$

This model was expanded to include a vector (*p*) of district level composite indices *X~ij~* that were deemed to depict important variations across districts as shown in [Equation 3](#fd3-ceor-8-695){ref-type="disp-formula"}. We also allowed the model to have interactive terms, which enabled us to obtain marginal net benefits instead of average net benefits.[@b17-ceor-8-695],[@b18-ceor-8-695] $$NMB_{i} = \alpha + {\sum\limits_{j = 1}^{P}{\delta_{j}X_{ij} + \beta t_{i} + t_{i}}}{\sum\limits_{j = 1}^{P}{\omega_{j}X_{ij} + \varepsilon_{i}}}$$where the net marginal benefit (NMB) for each district is a product of the interaction between the intervention variable and the district level composite indices, which is given by the second summation in the above equation. Since in our model we did not use patient level data, we therefore did not have an intervention dummy. We replaced the intervention dummy with a disease index weighting variable, which was related to the technology of interest (for example, a malaria index for any technology related to malaria and an HIV index for an intervention related to HIV). The intervention variable was then entered in the model as an importance or analytic weighting variable, which reflected the importance of the intervention variable in the model. However, since the dependent variable (NMB) was a cost variable and had observations greater than zero, we used a generalized linear model (GLM) for the regression analysis.

Regression of cost data has always proved very difficult because of the skewness of cost data. GLM models are some of the models that have a potential of providing a better analysis of such data. Unlike ordinary least squares regression, the GLM models make interpretations about the mean directly. In the final analysis if a district had a net positive benefit (adjusted NMB \>0), then the HCT was overall beneficial to that district, while if the district had a negative net benefit (adjusted NMB \<0), then the HCT was not overall beneficial to the district.

Results
=======

Using [Equation 3](#fd3-ceor-8-695){ref-type="disp-formula"}, we combined the cost and effectiveness ratios from 2 case studies with the district per capita health expenditures for our dependent variable (NMB). We then used the 10 composite indicators as our independent covariates and ran our GLM regression model.

Study 1
=======

The case study referred to a study that was carried out by Batwala et al[@b22-ceor-8-695] that assessed the cost-effectiveness of malaria microscopy and rapid diagnostic tests (RDTs) versus the presumptive diagnosis. The study was carried out in Uganda. The results from the study showed that the RDT was more cost-effective than the microscopy. The incremental cost of the RDT was US\$1.17 versus US\$1.48 for the microscopy. The incremental effectiveness for the RDT was 0.234 versus 0.154 for the microscopy. The results from the study showed that the RDT was more cost-effective than the microscopy. Using Boulenger et al's transferability checklist,[@b19-ceor-8-695] the study was found to be initially testable for full transfer to Zimbabwe. We then ran the NBRF using the GLM family of models to assess how higher order local factors would affect the overall cost-effectiveness and implementation of this study within Zimbabwe's 57 districts. [Tables 2](#t2-ceor-8-695){ref-type="table"} and [3](#t3-ceor-8-695){ref-type="table"} show the results from the GLM model with net marginal benefit as the dependent variable and district composite indices as independent variables.

Of the 10 composite indices that were used as independent variables, the population index, the infrastructure index, and health-seeking behavior index were found to be significantly associated with net marginal benefit. For example, a 1 unit change in the infrastructure index would lead to a 4% increase in a district's net marginal benefit of using the RDT or microscopy technology. An increase in the health-seeking behavior would lead to 0.97% decrease in the net marginal benefit of using the RDT or microscopy technology. This index was weighed down by people not seeking care at all. However, the magnitude of the net benefit from using either of the 2 technologies would differ across the 57 districts given their different characteristics and different per capita health expenditures as shown in [Figure 2](#f2-ceor-8-695){ref-type="fig"}. Using the simple decision analysis framework of transferring the technology where the net marginal benefit is positive, all the districts whose NMB \>0 would implement the health technology, while those with NMB \<0 would not. A total of 32 districts had positive net benefits from implementing the microscopy and RDT technologies. The net benefits also differed in terms of magnitude as a result of the different demographic, disease burden and health systems.

For example, the districts of Gokwe, Mutare, Chipinge and Hurungwe could implement both RDT and microscopy technologies, but would gain more by implementing the RDT technology. Examples of districts that would not have a net marginal benefit in implementing the technology are Gwanda, Binga and Zvishavane.

Study 2
=======

The case study referred to a study that was carried out by Koenig et al,[@b23-ceor-8-695] which assessed the cost-effectiveness of early treatment versus standard antiretroviral therapy in HIV-infected adults in Haiti. Early treatment was defined as treatment initiated when CD4 count was less than 350 and standard treatment as initiated when CD4 count was less than 200. The study was done from the perspective of the provider. The results from the study showed that early treatment was more cost-effective than standard treatment. Early treatment had an incremental cost of US\$400 and incremental effectiveness of 37. Using Boulenger et al's transferability checklist,[@b19-ceor-8-695] the study was found to be initially transferable to Zimbabwe. We again applied the NBRF and the GLM family of models ([Table 4](#t4-ceor-8-695){ref-type="table"}) to assess how the district composite factors would affect the NMB and hence the overall transferability and adoption of the study within Zimbabwe's 57 districts.

The magnitude of the net benefit of early HIV treatment differs across the 57 districts given their different characteristics and their per capita health expenditures as shown in [Figure 3](#f3-ceor-8-695){ref-type="fig"}. All the districts whose NMB \>0 would implement the health technology, while those with NMB \<0 would not. A total of 30 districts had positive net benefits from implementing the early HIV treatment technology. For example, the districts of Gokwe, Mutare, Chipinge and Hurungwe would benefit from early HIV treatment, while the districts of Makonde, Mutoko and Zvishavane would not.

If one were to look at this analysis in terms of savings and investment; districts with NMB \>0 would make a saving which could be invested in other disease priority areas, while districts with NMB \<0, but with some burden of either malaria or HIV/AIDS would require some investment for them to realize the benefits of implementing the respective technology. The decision makers would then have to set a per capita investment threshold above which they would not consider any investment even if the district has some burden of the disease. The premise being that the current technology being used could not be displaced since the new technologies would not increase the district's marginal benefit.

Discussion
==========

Literature has shown that there are differences in terms of net benefits for different jurisdictions when the same health technology is used. These differences could be as a result of cost of inputs, unit costs, demographic factors and other socioeconomic factors as a result of geographical locations. Results shown in [Tables 2](#t2-ceor-8-695){ref-type="table"}[](#t3-ceor-8-695){ref-type="table"}--[4](#t4-ceor-8-695){ref-type="table"} also buttress this observation and indicate that 3 composite indices, population, infrastructure and health-seeking behavior have a significant effect on the net marginal benefit of adopting either HIV, RDT or microscopy health technology interventions. This finding is very important because in resource limited settings like Zimbabwe, quality, outcomes and resources are key to health care policy making. This study has shown that population numbers, infrastructure and the population's health-seeking behavior play a very critical role in the transferability of health technologies. Without the numbers and better infrastructure that complements any transfer of health technologies, implementation or adoption of HCTs becomes a waste of resources. However, while the use of the willingness to pay in the dependent variable has been the standard, in recent years the WHO has been promoting the use of per capita Gross Domestic Product (GDP).[@b24-ceor-8-695] In our study, we could not find GDP data disaggregated to the district level, hence our use of the per capita health expenditure as a proxy for the per capita GDP for the 57 districts.

In other studies, resource input costs and unit costs have been cited as some of the more apparent factors that affect the transferability of HCTs. Grieve et al found out that the cost for stroke management varied between countries because of differences in input costs and unit costs.[@b25-ceor-8-695] Mugford et al[@b26-ceor-8-695] tested the same hypothesis of homogeneity of economic costs on Bangladesh, Gambia, Indonesia, South Africa and Zimbabwe by collecting additional data outside of the trial to extend the economic results from a trial done in Argentina, Cuba, Saudi Arabia and Thailand and showed the effects of country specific factors such as government laws and policies and health-seeking behavior. Stalhammar et al[@b27-ceor-8-695] observed that using country specific data resulted in substantial changes in the cost-effectiveness of omeprazole and ranitidine when used as initial therapy in the treatment and management of gastro-esophageal reflex disease.

Leese et al[@b28-ceor-8-695] found out that the costs and benefits in treatment of patients with anemia arising from chronic renal failure using recombinant human erythropoietin were affected by the country's health financing system, which led to different costs and treatment schedules. Other studies have considered other factors apart from the obvious clinical and patient level factors that have caused variations in cost and cost-effectiveness.[@b29-ceor-8-695]

We found substantial changes also in the net benefit that accrues in different districts in Zimbabwe when local factors are taken into account. It is important to note that information on net benefits can be equally useful in indicating the magnitude of differences in net benefit across the various districts in Zimbabwe. This information can also be used for future investment purposes for districts with negative net marginal benefits but with genuine need for the HCT. The results could also be used for reprioritization of resources to other disease areas or districts. The idea is also not necessarily to challenge the cost-effectiveness of the technologies per se, but to offer decision analytical models that can assist the decision makers in selecting areas where HCTs can have a better value for money. The NBRF opens the possibility of inclusion and fusion of all data that could be useful in decision making when it comes to implementing HCTs. The NBRF can also lead to mutually exclusive decision making for districts with huge cross variations, but for those with the same characteristics the final decision may be the same. NBRF is a model than can be used at both national and subnational levels.[@b30-ceor-8-695] However, as Hounton and Newlands[@b30-ceor-8-695] pointed out, the method requires appropriate data sets and timeliness for better decision making. For LICs, the NBRF may be a more feasible and less costly method for decision making.

Conclusion
==========

Using a simple model, we showed how intra-national variation can lead to different conclusions about the net benefit of the same HCT when used in different jurisdictions. This study considered some of the most important so-called higher order local factors that could potentially affect the transferability and use of HCTs in different locations. We found noticeable differences in the net benefit to the districts as a result of their different demographic, disease burden and health systems characteristics.

While the simple decision for the policy maker may be to accept or reject the transfer and adoption of HCTs with positive or negative marginal benefit respectively, they could also use the same information to decide on the level of future savings that a technology can realize or the level of investment needed for the particular technology to become beneficial. The fact that the composite indices which characterized the 57 districts were built using locally available databases and data sets makes it more appealing to consider such data as additional information for decision making local HCT assessments.
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###### 

Composite indices and sources of data

  Composite indices          Variables used                                                                                                                                           Source
  -------------------------- -------------------------------------------------------------------------------------------------------------------------------------------------------- -------------------------------------------------------------------------------------------------------------------------------------------
  Immunization               Measles % coverage, Oral Polio Vaccine (OPV1--3) % coverage, Bacillus Calmette Guerin (BCG) % coverage, Pentavalent1--3 % coverage                       ZDHS 2010/11; Ministry of Health and Child Care Health information Database 2012
  Health-seeking behavior    Public visits (% share of total), private visits (% share), traditional and faith healers (% share), no visits at all (% share)                          Prices Incomes Consumption and Expenditure Survey -- Zimstat 2011/12
  Socioeconomic status       Unemployment (%), poverty status (%), household size (number of family members in a household)                                                           Poverty Survey Report -- Zimstat 2011/12
  Noncommunicable diseases   Diabetes (number of males and females), blood pressure (number of males and females), number of injuries                                                 Ministry of Health and Child Care Health Information Database 2012
  Antenatal care (ANC)       Child live birth, live female birth, average number of ANC visits                                                                                        ZDHS 2010/11; Ministry of Health and Child Care Health information Database 2012
  Child mortality            Rate of under 5 mortality, rate of infant mortality, under 5 weight (%)                                                                                  ZDHS 2010/11; Ministry of Health and Child Care Health information Database 2012
  HIV/tuberculosis (TB)      Number of HIV infected persons, number of female TB/HIV positive persons, number of male TB/HIV positive persons, number of mothers on antiretrovirals   Ministry of Health and Child Care Health information Database 2012; National AIDS Council Annual Report 2012
  Malaria                    Number of positive malaria tests (male and female)                                                                                                       ZDHS 2010/11; Ministry of Health and Child Care Health information Database 2012
  Infrastructure             Number of beds, ratio of curative to preventive services (share of total expenditure), number of health facilities                                       Ministry of Health and Child Care Health Information Database 2012; Ministry of Health and Child Care National Infrastructure Report 2012
  Population                 Total under 5 population, total female population, total district population                                                                             Population Census 2012 -- Zimstat

**Note:** Reproduced from Shamu et al.[@b21-ceor-8-695] Copyright © 2013--2015 A[@b2-ceor-8-695] Publications.

###### 

GLM model results for RDT technology

  Index                           Coefficient   Exp(b)   *P*-value                                              Confidence intervals
  ------------------------------- ------------- -------- ------------------------------------------------------ ----------------------
  Population index                0.712         2.04     0.000[\*\*\*](#tfn3-ceor-8-695){ref-type="table-fn"}   0.611--0.813
  Socioeconomic index             0.011         1.01     0.362                                                  −0.013--0.035
  NCDs index                      0.007         1.01     0.503                                                  −0.013--0.027
  Child mortality index           0.007         1.01     0.690                                                  −0.027--0.041
  HIV/TB index                    −0.015        0.985    0.606                                                  −0.073--0.043
  Infrastructure index            0.034         1.04     0.014[\*\*](#tfn4-ceor-8-695){ref-type="table-fn"}     0.007--0.062
  Immunization index              −0.041        0.960    0.166                                                  −0.098--0.017
  Health-seeking behavior index   −0.028        0.972    0.036[\*\*](#tfn4-ceor-8-695){ref-type="table-fn"}     −0.055-- −0.002
  Antenatal care index            −0.009        0.991    0.465                                                  −0.034--0.016

**Notes:** Deviance = 90832; log likelihood = −291.03; scale parameter = 1932.6.

Significant at 0.01 and

significant at 0.05.

**Abbreviations:** GLM, generalized linear model; RDT, rapid diagnostic test; NCDs, non-communicable diseases; Exp, exponential function.

###### 

GLM model results for microscopy technology

  Index                           Coefficient   Exp(b)   *P*-value                                              Confidence intervals
  ------------------------------- ------------- -------- ------------------------------------------------------ ----------------------
  Population index                0.714         2.04     0.000[\*\*\*](#tfn7-ceor-8-695){ref-type="table-fn"}   0.613--0.815
  Socioeconomic index             0.011         1.01     0.363                                                  −0.012--0.035
  NCDs index                      0.007         1.01     0.500                                                  −0.013--0.027
  Child mortality index           0.007         1.01     0.692                                                  −0.027--0.041
  HIV/TB index                    −0.015        0.985    0.606                                                  −0.073--0.042
  Infrastructure index            0.035         1.04     0.014[\*\*](#tfn8-ceor-8-695){ref-type="table-fn"}     0.007--0.062
  Immunization index              −0.041        0.960    0.166                                                  −0.098--0.017
  Health-seeking behavior index   −0.028        0.972    0.036[\*\*](#tfn8-ceor-8-695){ref-type="table-fn"}     −0.054-- −0.002
  Antenatal care index            0.009         0.991    0.466                                                  −0.034--0.016

**Notes:** Deviance = 39057; log likelihood = --266.98; scale parameter = 831.

Significant at 0.01 and

significant at 0.05.

**Abbreviations:** GLM, generalized linear model; NCDs.

###### 

GLM model results for CD4 count technology

  Index                           Coefficient   Exp(b)   *P*-value                                               Confidence intervals
  ------------------------------- ------------- -------- ------------------------------------------------------- ----------------------
  Population index                0.714         2.04     0.000[\*\*\*](#tfn11-ceor-8-695){ref-type="table-fn"}   0.616--0.811
  Socioeconomic index             0.012         1.01     0.311                                                   −0.011--0.036
  NCDs index                      0.005         1.00     0.644                                                   −0.016--0.026
  Child mortality index           0.008         1.01     0.650                                                   −0.025--0.040
  Malaria index                   −0.003        0.997    0.884                                                   −0.038--0.033
  Infrastructure index            0.033         1.03     0.021[\*\*](#tfn12-ceor-8-695){ref-type="table-fn"}     0.004 --0.060
  Immunization index              −0.039        0.961    0.202                                                   −0.100--0.021
  Health-seeking behavior index   −0.027        0.973    0.038[\*\*](#tfn12-ceor-8-695){ref-type="table-fn"}     −0.053-- −0.001
  Antenatal care index            −0.009        0.991    0.458                                                   −0.034--0.015

**Notes:** Deviance = 2220063908; log likelihood = −579.

Significant at 0.01 and

significant at 0.05.

**Abbreviations:** GLM, generalized linear model; NCDs.
